We present the case of a 12-year-old boy with Sturge-Weber syndrome and ocular melanocytosis who presented with bilateral naevus flammeus of the face and hyperpigmentation of the right iris associated with ipsilateral iris mammillations. The patient had glaucoma and a diffuse choroidal haemangioma of the right eye. Optical coherence tomography of the anterior segment confirmed iris hyper-pigmentation and did not show abnormalities of the chamber angle structures. B-scan ultrasonography and enhanced depth imaging optical coherence tomography were performed and showed a marked difference in thickness and reflectance between the right and left choroid. Visual field examinations with perimetry showed early defects in the right eye. Peripapillary optical coherence imaging showed borderline values of retinal nerve fibre layer thickness reduction in the right eye. Sturge-Weber syndrome associated with ocular melanocytosis and iris mammillations is an extremely rare condition. This paper highlights the role of multi-imaging methods in the enhanced evaluation of rare diseases towards choosing the most appropriate management strategies and improving the follow-up of patients over time.
Introduction
Sturge-Weber syndrome (SWS), also known as encephalo-trigeminal angiomatosis, in its complete form includes the classic triad of naevus flammeus of the face, ipsilateral leptomeningeal angiomatosis, and ocular involvement [1, 2] . The Roach classification distinguishes SWS into classic or type I presenting facial and leptomeningeal haemangioma with or without glaucoma, type II with facial haemangioma with or without glaucoma, and type III with leptomeningeal haemangioma only [3] . The facial naevus flammeus can involve the eyelids and conjunctiva, but the most common ocular manifestation of the disease is glaucoma ipsilateral to the naevus flammeus occurring in 50-70% of patients [4, 5] . In about 53% of cases choroidal thickening is reported due to diffuse haemangioma, which is observed on ophthalmoscopic examination as a diffuse red-orange dark colour of the fundus with respect to the contralateral eye colour [6] [7] [8] .
Rarely, SWS can be associated with oculodermal melanocytosis [9, 10] . This condition presents with excessive melanocytes in the peripheral ocular skin and various ocular areas including the uvea and sclera [11, 12] . It rarely occurs in Caucasian patients, being more frequent in Asian ethnicity [13] . Infrequent manifestations in oculodermal melanocytosis are iris mammillations, which are unilateral iris protuberances with an even distribution on the iris [14, 15] . Patients presenting both cutaneous naevus flammeus and pigmentary naevi have been classified with phacomatosis pigmentovascularis [16, 17] .
In the present paper we report on a rare case of SWS in a young patient with bilateral naevus flammeus, monolateral iris heterochromia due to ocular melanocytosis associated with ipsilateral iris mammillations, glaucoma, and choroidal haemangioma.
Case Report
A 12-year-old boy presented to our ophthalmology unit due to a facial angioma involving the right side of the face. Magnetic resonance imaging was negative for leptomeningeal haemangioma. At presentation to our unit we observed a naevus flammeus, involving the course of the ophthalmic and maxillary branches of the 5th cranial nerve, on both sides of the face with more extensive involvement of the right side. Best corrected visual acuity was 20/20 in both eyes. Slit lamp examination showed iris heterochromia due to hyperpigmentation of the right iris associated with ipsilateral iris mammillations ( Fig. 1 ). Intraocular pressure measured with Icare tonometry was 22 and 12 mm Hg in the right and left eye, respectively [18] . Gonioscopy showed that the angle was open in both eyes but there was diffuse hyperpigmentation of the angle in the right eye. Optical coherence tomography (OCT) (Optovue, Fremont, CA, USA) of the anterior segment revealed an increase in reflectance of the iris surface in the right eye ( Fig. 2 ). Ophthalmoscopic fundus examination showed an increased retinal vessel tortuosity and a darker aspect of the right eye with respect to the left eye, suggesting diffuse choroidal haemangioma ( Fig. 3) . B-scan ultrasound scans were performed and showed a marked difference in thickness and reflectance between the right and left choroid; manual double-check measurements of choroidal thickness were 2.2 and 1.4 mm for the right and left eye, respectively ( Fig. 4a, b ). Macular spectral domain OCT revealed a thicker choroid in the right eye with respect to the left eye ( Fig. 5 ). Visual field examinations with perimetry showed early defects in the right eye. Peripapillary OCT imaging showed borderline values for retinal nerve fibre layer thickness in the right eye. Topical therapy with latanoprost was initiated in the right eye and intraocular pressure was reduced to 17 mm Hg.
Discussion
In this paper we present an unusual case of SWS with bilateral naevus flammeus and ocular melanocytosis of the right iris, together with the presence of ipsilateral iris mammillations, glaucoma, and diffuse choroidal haemangioma. The aetiopathogenetic mechanisms behind the vascular malformations of SWS have long been a matter of debate. However, Shirley et al. [19] recently identified a mutation in the GNAO gene which stimulates the proliferation of cells and inhibits apoptosis by a surge in downstream signalling through the RAS effector pathways and accounts for the angiomatosis in SWS. On the other hand, the pigmentation in oculodermal melanocytosis has been reported to be linked to an anomalous migration of melanocytes, which are derived from the neural crest cells; this maldevelopment is thought to be the cause of the pigmentation of various ocular structures [20] . The coexistence of oculodermal melanocytosis and naevus flammeus is a rare condition and seems to be related to a twin spotting mechanism that occurs with an association of 2 genetically different cell clones due to somatic type recombination [21] . The vascular involvement in the SWS, historically hypothesized to be due to a malformation of the primordial vascular plexus, has also been described in association with neural crest disorders and phacomatosis, where these mesodermal abnormalities are associated with neural crest disorders such as in oculodermal melanocytosis [22] [23] [24] .
The clinical management of glaucoma in SWS can be extremely challenging and requires careful diagnostic work-up. Clinical procedures should include complete ophthalmological examination, intraocular pressure measurement, and gonioscopy where possible. Ultrasound biomicroscopy and anterior segment OCT can greatly facilitate in establishing anterior segment anomalies including angle alterations [25, 26] . Visual field examination using perimetry is fundamental in the follow-up of patients who are able to cooperate. However, peripapillary retinal nerve fibre layer evaluation using OCT is a recent imaging method useful in young children as it is a more rapid procedure in order to screen for early damage [27, 28] . Fundus examination through ophthalmoscopy and fundus photography is crucial in screening for diffuse choroidal haemangioma, but OCT and B-scan ultrasound imaging can provide more precise data on the extent of choroidal thickening.
The pathogenetic mechanism of glaucoma in SWS can be due to a reduction of aqueous humour outflow due to a malformation of the anterior chamber angle or increased pressure in the episcleral veins [29] [30] [31] . In the case reported herein, SWS was also associated with ocular melanocytosis, where angle abnormalities or crowding of the iris-corneal angle by melanocytes have been reported to increase intraocular pressure similar to a mechanism in pigmentary or pseudoexfoliative glaucoma [32] [33] [34] . Anterior segment OCT did not show structural anomalies of the iris-corneal angle; therefore, treatment with latanoprost was prescribed to the patient as this drug increases uveoscleral outflow by bypassing the impediment to aqueous humour outflow due to increased episcleral venous pressure. Medical treatment of glaucoma in SWS, further complicated by ocular melanocytosis in this case, can be difficult and challenging, and potential side effects of this treatment can be uveal effusion, a condition also associated with antiepilepsy drugs such as topiramate [35, 36] . When medical therapy is not successful, a surgical approach of goniotomy or trabeculotomy has been reported in cases with malformation of the angle. Filtering procedures such as trabeculec-tomy or valve implant procedures have been successful in the absence of angle anomalies, although complications are not infrequent [31] .
The patient described in this paper presented iris mammillations, a condition seldom reported in the literature. These are homogeneously elevated micronodular, pigmented formations regularly distributed over the iris surface [14, 15, 32] . Differential diagnosis is principally with Lisch nodules of the iris, which occur in neurofibromatosis type 1 [37] . However, the nodules in neurofibromatosis tend to be larger and randomly located on the iris surface, and a differential diagnosis can also be made by performing near-infrared reflectance imaging as 82-90% of patients with neurofibromatosis present typical choroidal alterations [38, 39] . Other conditions which can mimic iris mammillations and should be kept in mind are tapioca melanoma of the iris, iris granulomata in inflammation, and the Cogan-Reese syndrome [14] .
The patient reported herein presented a monolateral diffuse choroidal haemangioma, and B-scan ultrasonography showed thickening of the choroid of the right eye. Recent advances in OCT technology enable the visualization of the choroid, and its thickness can be measured in numerous retinal pathologies and in rare diseases including SWS [40] [41] [42] [43] . In the case reported herein, OCT was carried out although the choroid was markedly thickened, and segmentation measurement of thickness was not reliable as the choroid-scleral junction could not be well defined. The choroidal haemangioma was asymptomatic in the present case; however, complications can potentially arise later in life. These are mainly serous retinal detachment and subretinal haemorrhage, which can lead to grave loss of vision [2] . Treatment in these cases is usually directed to reducing haemangioma leakage and possibly reducing tumour size. Among methods such as radiotherapy and photocoagulation, recent management options include photodynamic therapy and pharmacological treatment with intravitreal antivascular growth factors [31, [44] [45] [46] [47] . Routine follow-up with fundus examination and multimodal imaging techniques including OCT and B-scan ultrasonography are fundamental as patients with oculodermal melanocytosis have been reported to be at increased risk for melanoma of the uvea [48] .
Conclusions
We have described a rare case of SWS associated with bilateral naevus flammeus and monolateral ocular melanocytosis associated with ipsilateral iris mammillations and choroidal haemangioma. Diagnosis and evaluation of glaucoma and choroidal haemangioma in these patients can be facilitated with multimodal imaging techniques. Indeed, anterior segment OCT and ultrasound biomicroscopy enable the evaluation of the chamber angle in order to prescribe the most appropriate medication. Furthermore, posterior segment imaging such as macular OCT with assessment of the choroid, and peripapillary retinal nerve fibre layer evaluation using OCT, are additional diagnostic tools which have recently been added to the armamentarium of ophthalmologists and can further aid in the assessment of patients with rare diseases where our knowledge is still limited. Macular optical coherence tomography of the right (a) and left eye (b). In the right eye choroidal thickness could not be measured as the choroid-scleral border could not be evaluated due to increased choroidal thickness.
